Background {#Sec1}
==========

The Edinburgh Postnatal depression Scale (EPDS) \[[@CR1]\] has been established as a useful screening instrument for detection of women at risk for depression in the perinatal period \[[@CR2], [@CR3]\]. In addition, it has been identified as the most frequently validated instrument to screen for perinatal depression \[[@CR4]\], and in 2014 the EPDS had been validated against a diagnosis of depression in at least 37 languages \[[@CR5]\]. Although recently, a discussion has begun to emerge regarding several shortcomings in the scale, including the multitude of different validated cutoff scores required for women (and men) from different cultures and during the ante- and postnatal periods, as well as the exclusion of certain types of psychological distress often occurring in the perinatal period (e.g. perinatal anxiety) \[[@CR6]\], the current use of the EPDS in Denmark warrants understanding its properties further.

For almost two decades, a translation of the EPDS \[[@CR7]\] has been in used for screening purposes in primary care in Denmark by public health visitors, and this translation was also used in a large-scale study to assess risk factors and point prevalence of postnatal depression in Danish women \[[@CR7]\]. Nevertheless, the Danish EPDS has not been validated in a Danish population, and no official guidelines exist regarding cutoff scores for further monitoring of symptoms or referral to other services. This has resulted in various cutoff scores being used across the public health visiting districts where the scale is most frequently used. Moreover, the scale has only rarely been used in general practice or as part of perinatal psychiatric services where it is required that a screening instrument must go through a formal validation before implemented in practice.

The most commonly used cutoff score in postnatal women is 13 or more \[[@CR8]\]. However, across studies, and in particular across languages, the optimal cutoff scores of the EPDS have varied considerably \[[@CR5]\]. For example, the optimal cutoff for a diagnosis of depression in postnatal woman was found to be 7 or more in a Lithuanian population \[[@CR9]\], 9 or more in a Sinhala population \[[@CR10]\], 11 or more in a French population \[[@CR11]\], and 12 or more in a Swedish population \[[@CR12]\]. These differences in identified cutoff scores may be due to cultural variation in the expression of depressive symptoms in the perinatal period \[[@CR13], [@CR14]\], and consequently, researchers stress that the EPDS should be validated in a particular population before implementation in screening programs \[[@CR15]\].

Another reason for the differing identified cutoff scores may be that across studies different diagnostic criteria and different diagnostic systems have been used \[[@CR16]\]. Some, (e.g. \[[@CR17]\]) have used criteria for depression according to their current version of the Diagnostic and Statistical Manual for Mental disorders (DSM--III--R; IV--TR; 5) \[[@CR18], [@CR19]\]. Others, (e.g. \[[@CR10]\]) have used the International Classification of Diseases 10th revision (ICD-10) \[[@CR20]\]. The original and some subsequent early validation studies \[[@CR1], [@CR21]\] used the Research Diagnostic Criteria (RDC) \[[@CR22]\]. Differences between the diagnostic systems, with respect to diagnoses of depression, are marked. Whereas DSM-IV allows for a diagnosis of minor depression, this diagnosis does not exist in DSM-III, DSM-5, or ICD-10. Some studies have reported the optimal cutoff score for detecting just DSM major depression \[[@CR12]\], while others have reported the optimal cutoff score for minor *and* major depression, sometimes referred to as 'combined depression' \[[@CR23], [@CR24]\]. Yet other studies have reported separate cutoffs, i.e. for minor or major as well as for just major depression \[[@CR25]\]. Yet another difference between the ICD and DSM is that ICD-10 requires a minimum of two out of three core symptoms (depressed mood, anhedonia, and energy loss) for a diagnosis of depression, whereas DSM (III, IV, and 5) only requires the presence of one of two core symptoms (depressed mood and anhedonia). Moreover, none of the ICD-10 diagnoses of mild, moderate, or severe depression correspond to DSM-IV minor or DSM-III/IV/5 major depression in terms of symptom requirements (ICD-10 mild: 2 core symptoms + 2 or 3 associated symptoms; ICD-10 moderate: 2 core symptoms + 4 or 5 associated symptoms; ICD-10 severe: 3 core symptoms + 5--7 associated symptoms. DSM-IV minor: at least 1 core symptom + 2--4 symptoms; DSM-III/ IV/ 5 major: at least 1 core symptom + 5--9 symptoms). Similar discrepancies occur in the RDC diagnostic system in which a diagnosis of major depression requires at least one core symptom and at least five associated symptoms \[[@CR22]\]. It is not, known whether ICD-11 which, if endorsed by member states, is planned to come into use in 2022, will be any different in these respects from ICD-10. Finally, some diagnoses have been made determining if criteria are met using in-depth diagnostic interviews, such as the Structured Clinical Interview for DSM-IV axis I disorders \[[@CR26]\] which allows for probing and further exploration of answers, i.e. to determine if a symptom is in fact present, while others have used interviews that do not allow such probing, e.g., the Mini-International Neuropsychiatric Interview \[[@CR27]\].

All of these issues could account for some of the differences in optimal cutoff scores reported across EPDS studies, notwithstanding the language or cultural differences \[[@CR16]\]. As yet, however, no study has investigated whether using different diagnostic systems influence receiver operating characteristics of the EPDS. Therefore, we validate the EPDS against both ICD-10 and DSM-5. Whilst the DSM is most frequently used in EPDS validation studies, and in research more generally \[[@CR28]\], the ICD is the official coding system in most of the countries where the EPDS is being used for screening purposes. Indeed, the ICD-10 has been identified as the most frequently used in clinical practice across countries \[[@CR29]\], and hence, from a clinical perspective, it is relevant to include ICD criteria in a validation of the EPDS.

Apart from the EPDS's utility in screening for depression, several investigators \[[@CR30], [@CR31]\] have commented on its properties for screening for perinatal anxiety given that this mood disorder is also prevalent, often co-occurs with depression, and has significant impacts not only on the mother's well-being but also on her offspring \[[@CR32], [@CR33]\]. Although the EPDS was intended to be unidimensional, using exploratory factor analysis (EFA), many studies have suggested that the scale contains two factors, a depressive factor and an anxiety factor (e.g. \[[@CR11], [@CR34], [@CR35]\]). Other studies have suggested that a three-factor structure with depression, anxiety, and anhedonia (e.g. \[[@CR36], [@CR37]\]), or depression, anxiety, and self-harm/suicide (e.g. \[[@CR38], [@CR39]\]) fits the data better. There is also variation as to which items load on the anxiety scale. While the anxiety factor most frequently include items 3 (guilt),4 (anxiety),and 5 (panic attacks) \[[@CR40]\], some studies have found other item combinations to comprise the anxiety factor, e.g. Italian version: items 4, 5 & 6 \[[@CR41]\]; Iranian version: items 3,4,5 and 8 \[[@CR42]\]. More recently, a researchers have questioned the utility of continously conducting EFA as opposed to data and theory-driven confirmatory factor analyses (CFAs), (e.g. \[[@CR40], [@CR43]\]) and related to this, the optimal length of the EPDS has been questioned \[[@CR44]\]. However, as there is currently no genereally agreed upon factor structure that could serve as the basis for a CFA, in the present study, we decided to assesss the factor structure of the EPDS using EFA.

Aims of the study {#Sec2}
-----------------

To address these issues, the aims of the present study were to a) validate the Danish version of the EPDS against a diagnosis of depression in a sample of new mothers by assessing the sensitivity, specificity, and predictive values of different cutoff scores; b) investigate whether these receiver operating characteristics (ROCs) of the scale differ depending upon whether the DSM-5 or the ICD-10 is used, and (3) using an exploratory factor analytic approach, examine the factor structure of the Danish EPDS.

As ICD-10 mild depression in some contexts is considered to be subthreshold \[[@CR45]\], for comparison, we conducted ROC analyses with and without including ICD-10 mild depression as 'depressed'. In the determination of the optimal cutoff, for first-phase screening purposes, we intended to select a value that provides good sensitivity (the true-positive rate) and high specificity (the true-negative rate) without lowering the positive predictive value (PPV: proportion of subjects with positive test results who are correctly diagnosed) so much that it would overwhelm clinical services. Based on the view that a missed case of depression in the postnatal period can have significant negative consequences, we aimed at a sensitivity of 80% or more, a specificity of 90% or more, and a positive predictive value of 50% or more.

Methods {#Sec3}
=======

Study setting and procedure {#Sec4}
---------------------------

As part of the general social security and health care system in Denmark, all families in are offered health visits by public health visitors (specialized nurses) in their home during the first year postpartum. This study was conducted in collaboration with the health visitors from the municipality of Copenhagen and was part of a larger project, the Copenhagen Infant Mental Health Project (CIMHP), which also includes a treatment trial (Clinical trials identifier: NCT02497677) \[[@CR46]\]. Enrollment of participants started July 2015 and data collection for the present study terminated June 2017.

During the project period, all mothers in Copenhagen received home visits at 2 and 8 months postpartum by public health visitors. First-time mothers received an additional visit at 4 months postpartum. The EPDS was routinely administered at the two month visit, however, in addition, some women were also administered the EPDS at 4 or 8 months based upon the clinical judgement of the health visitor. This score is the Time 1 (T1) EPDS score. To ensure that sufficient numbers of women who met criteria for depression were recruited, an oversampling strategy was used, similar to that used in other studies \[[@CR17], [@CR21], [@CR47]\]. Therefore, all mothers scoring 10 or more at T1 were invited to participate in CIMHP. Additionally, a subgroup of health visitors, equally distributed across districts, invited (from April 2016 -- February 2017) not only mothers scoring 10 or more, but also those who scored 0--9 at the routine two month visit to the project. The sampling strategy is described in further detail below.

After screening with the EPDS, the health visitor informed the mother about the research project, and if interested, contact information was given to the research team. Interested mothers were offered a home visit by a clinical psychologist from CIMHP (Time 2: T2). During this visit, written informed consent was obtained, the EPDS was again administered, and a diagnostic interview was conducted. For logistic and practical reasons, the time-period from T1 to T2 could vary from a few days to several weeks. Therefore, to obtain the most precise ROC estimates, the EPDS score obtained at the T2 was validated in the current study.

Sampling strategy and weighting {#Sec5}
-------------------------------

Mothers were eligible for participation in the current study if they were at least 18 years old, if they had an infant between 8 weeks and 10 months, and if they could read and speak Danish. We used a two-phase stratified sampling design \[[@CR48]\] also used in other validation studies e.g. \[[@CR17], [@CR49]\]. A data extraction from the health visitors' digital filing system (14 February 2016) including the latest 4931 EPDS-screenings (i.e. T1 scores) from mothers with infants under one year in Copenhagen showed that 69% of all screened mothers scored in the range 0--5, and 21% scored in the range 6--9, and 10% scored 10 or more. Thus, the vast majority were expected to score less than 6. In order to enrich the sample in the range where the cutoff was expected to be found, and to ensure roughly equal representation of these groups, we included all mothers scoring 10 or above (probable cases) at T1, and a larger proportion of those in the range 6--9 (possible cases) than of those scoring in range 0--5 (probable non-cases). The aim was to include at least 35 mothers from each of the two lower groups. To obtain these goals after October 2016 we only invited mothers who scored 6--9 or 10 or more at T1. The 4931 scores effectively gave us the population wide distribution and we could therefore use sampling weighing to reweight the sample corresponding to if we had done a random sample from the full population. The calculation of weights was based upon the mother's sampling category at T1 (i.e. the probability of being sampled), and the weights were subsequently applied to the ROC analyses of T2 EPDS scores. Because all mothers scoring 10 or above were included, this group had the weight 1. The 0--5 and 6--9 groups got the sampling weights 28.8 and 16.9, respectively. By construction, after applying these weights, the distribution of T1 scores in our weighted sample matched the one observed in the full population, and as no other systematic effects of the sampling procedure exists, the weighted analysis can therefore be thought of as a simple random sample from the full population, but with substantial higher statistical power compared to a true random sample from the full population. This mimics well known techniques from survey literature (see \[[@CR50]\]).

Measures {#Sec6}
--------

The Edinburgh Postnatal Depression Scale \[[@CR1]\] is a 10-item self-report questionnaire (range 0--30) designed to screen for possible depression in new mothers, and was completed by the mothers at T1 and T2. While the original published version of the Danish translation \[[@CR7]\] had some formatting differences to the English version (i.e. inclusion of response scores; altering the item wording, and exclusion of the introduction), these were amended so that the Danish version used in the study was identical to the English version, having gone through the usual translation and back-translation methodology and complied with the principles for translation of the EPDS described in the EPDS manual \[[@CR5]\]. The Danish EPDS is provided as Additional files [1](#MOESM1){ref-type="media"} and [2](#MOESM2){ref-type="media"}.

The Structured Clinical Interview for the DSM-5 (SCID-5) \[[@CR51]\] was used at T2 to establish a diagnosis of major depression according to DSM-5 as well as to assess history of depression. The interviewers were trained to explore the mothers' answers to the standardized questions to be able to differentiate between normal and depressive reactions in the postnatal period (such as sleep problems and changes in appetite) because it has been found that depression might be otherwise over diagnosed in new mothers \[[@CR52]\]. The interviews were conducted by trained SCID-5 interviewers who received ongoing supervision, and the interviews were audiotaped to allow for inter-rater reliability analyses to be conducted. The SCID-5 scorings and audio recordings of the interviews were also used to diagnose mothers according to ICD-10 diagnostic criteria for depression (mild, moderate, and severe depression). The interviewers did not score the T2 EPDS filled in by the mother prior to the interview. However, it was not possible to blind the interviewers entirely to the T1 or T2 EPDS scores (e.g., sometimes, the mother mentioned her T1 score prior to or during the interview). Therefore, to prevent interviewer-biases and ensure interrater reliability, a randomly selected subset (*n* = 70*,* 22%) of the audio recorded interviews were rated by a certified SCID-5 interviewer. This rater had no previous knowledge about the mothers and was blind to EPDS score and the diagnoses made by the interviewers. Interrater agreement for DSM-5 diagnostic status (no depression vs. major) was 90.2%, *κ* = .89 (*p* = .000); for ICD-10 diagnostic status (no depression vs. mild or more) interrater agreement was 94.6%, *κ* = .94 (*p* = .000), and for ICD-10 diagnostic status, four-way, interrater agreement was 94.6% (no depression); 81.8% (Mild), 78,6%; (Moderate), and 80% (Severe), *κ* = .76, (*p* = .000) which are all considered to represent excellent levels of interrater reliability \[[@CR53]\].

Statistical methods {#Sec7}
-------------------

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and area under the ROC curve (AUC) were computed directly from the reweighted data and the calculations were done for all relevant cutoff values. Confidence intervals were computed by embedding the calculations in a weighted logistic regression as implemented in R version 3.3.1. Confidence intervals corrected for weights were then obtained. Exploratory factor analysis (EFA) was done in R using the Psych Package \[[@CR54]\]. To allow for factors' inter-correlation, as would be expected of the underlying assumed dimensions of depression, anhedonia, and anxiety \[[@CR55]\] we employed oblique rotation (promax). We used parallel analysis, i.e. using scree plots comparing actual loadings with random data with the same properties as the real data, to assess the appropriate number of factors. Continuous variables were summarized using means and standard deviations while categorical variables were summarized using raw counts and percentages.

Results {#Sec8}
=======

A total of 350 mothers agreed to be contacted by the research team after T1 screening. Of these, 23 declined to participate when contacted, 2 did not consent to participate after having received a home visit from the research team, and one mother was not able to fill in the EPDS in Danish, and was therefore excluded, resulting in a final sample size of 324 women for whom we had T2 EPDS scores and a diagnostic interview. For four of these mothers, the T1 EPDS score was not available, and therefore data from these mothers were only included in unweighted analyses and not in the weighted analyses for which *n* = 320.

The distribution of mothers across the three sampling categories at T1 were as following: EPDS range 0--5: *n* = 56 (17.5%), EPDS range 6--9: *n* = 29 (9.1%), and EPDS range 10--30: *n* = 235 (73.4%). Thus, the desired size of 35 mothers from the each of the two lowest sampling groups (at T1) was achieved for the lowest group and almost for the middle group. The distribution of raw EPDS scores at T2 is presented in Fig. [1](#Fig1){ref-type="fig"}. The unusual distribution is due to the sampling mechanism. The reweighted distribution, reflecting the distribution in the population, i.e. based on the distribution of the latest 4931 EPDS screenings in Copenhagen, is presented in Fig. [2](#Fig2){ref-type="fig"}.Fig. 1EPDS scores (T2 raw counts)Fig. 2EPDS scores (T2 weighted)

Sample characteristics and distribution across diagnostic categories are presented in Table [1](#Tab1){ref-type="table"}. As shown in Table [1](#Tab1){ref-type="table"}, the majority (83%) of the mothers had an infant between 8 and 20 weeks at T2 when the diagnostic interview was conducted. Non-weighted EPDS means for the diagnostic categories were: DSM-5 Major: *M* = 15.0 (*SD* = 4.5)*,* not depressed: 7.0 (*SD* = 4.5); ICD-10 mild: *M* = 12.5 (*SD* = 4.0), ICD-10 moderate: *M* = 14.9 (*SD* = 4.2), ICD-10 severe: 18.4 (*SD* = 3.8), not depressed: *M* = 7.1 (*SD* = 4.9).Table 1Sample characteristics and distribution of diagnostic categoriesVariable*N* = 324Maternal age, mean (*SD*)32.7(4.6) Range22--45Infant age^a^ in weeks, mean (*SD*)16.2(8.2) Infant age 8--14 weeks, *n* (%)211(65.1) Infant age 15--20 weeks, *n* (%)58(17.9) Infant age 21--30 weeks, *n* (%)30(9.3) Infant age 31--49 weeks, *n* (%)25(7.7)Infant gender, boys, *n* (%)174(53.7)Maternal country of origin Danish, *n* (%)271(83.6) Immigrant, *n* (%)32(9.9) Descendants of immigrants, *n* (%)9(2.8) Missing, *n* (%)12(3.7)Mother single parent or not Married or living with partner, *n* (%)293(90.4) Single, *n* (%)14(4.3) Other, *n* (%)6(1.9) Missing, *n* (%)11(3.4)Primiparous *n* (%)192(63.6)Maternal ISCED level of education Level 1--3 (lower secondary or less), *n* (%)29(9.0) Level 4 and 5 (post secondary + short-cycle tertiary), *n* (%)37(11.4) Level 6 (bachelor or equivalent), *n* (%)113(34.9) Level 7 and 8 (master + doctor or equivalent), *n* (%)134(41.4) Other or missing, *n* (%)11(3.4)Mothers endorsing item 10 above zero, *n* (%)26(8.0)Depression history status^b^ No current or past depression, *n* (%)132(40.7) Not currently depressed but a history of depression, *n* (%)75(23.1) Currently depressed with a history of depression, *n* (%)62(19.1) First episode of depression, *n* (%)55(17.0)DSM-5 Major depression^c^ Depressed, *n* (%)118(36.4) Not depressed, *n* (%)206(63.6)ICD-10 any (mild, moderate, or severe depression)^c^ Depressed *n* (%)120(37.0) Not depressed, *n* (%)204(63.0)ICD-10 moderate or severe depression^c^ Depressed *n* (%)82(25.3) Not depressed, *n* (%)242(74.7)*Note.* ISCED = International Standard Classification of Education (UNESCO). ICD-10 = International Classification of mental and behavioural disorders 10th edition (WHO, 1992); DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th edition (American Psychiatric Association, 2013)^a^Infant age at the day for diagnostic interview and EPDS screening (T2)^b^History of depression status was established according to DSM-5 criteria^c^Due to the oversampling strategy, these are not prevalence estimates. See text

Table [2](#Tab2){ref-type="table"} shows the overlap between the two diagnostic systems. As shown, 10 mothers had a discrepant diagnostic status: four of the 118 mothers fulfilling criteria for DSM-5 major depression, did not fulfill criteria for any ICD-10 diagnosis. Inspecting the data further showed that these mothers only had one core symptom (but five symptoms in total), and hence, they did not get a ICD-10 diagnosis. Of the 38 mothers fulfilling criteria for ICD-10 mild depression, six did not fulfill criteria for DSM major depression. These mothers all had four symptoms (two core and two associated symptoms), thereby lacking one symptom to fulfill criteria for DSM-5 major depression but had the lowest possible number of symptoms to fulfill criteria for ICD-10 mild depression.Table 2Cross tabulation of distributions of ICD-10 and DSM-5 diagnosesDSM-5 diagnostic statusICD-10 diagnostic statusNo depressionMajor depressionTotal No depression2004204 Mild depression63238 Moderate depression06060 Severe depression02222 Total206118324*Note.* ICD-10 = International Classification of mental and behavioural disorders 10th edition (WHO, 1992); DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th edition (American Psychiatric Association, 2013)

Cronbach's alpha, a measure of a scale's reliability, was 0.822 in the raw data, and in the weighted data it was 0.835, indicating good internal consistency \[[@CR56]\].

Receiver operating characteristics {#Sec9}
----------------------------------

Tables [3](#Tab3){ref-type="table"} presents estimates of sensitivity, specificity, PPV, NPV, and AUC for DSM Major depression, ICD-10 mild depression or more, and ICD-10 moderate+severe depression for different EPDS cutoff-scores and based on the reweighted data. For all three diagnostic categories of depression, the AUC values were close to 1 (ranging from 0.957--0.960) indicating that the Danish EPDS has a high discriminative power (i.e. how well the test separates the group being tested into those with and without the condition).Table 3Sensitivity, specificity, PPV, NPV, and AUC for DSM-5 major depression, ICD-10 mild, moderate, and severe depression, and ICD-10 moderate and severe depressionEPDS cutoff^a^Sensitivity95% CISpecificity95% CIPPV95% CINPV95% CIAUCDSM-5 major 6 + ^b^98.077.022.499.80.960 7+96.683.027.999.7 8+84.687.731.998.8 9+83.989.435.098.8 10+81.291.639.798.6 **11+79.2**\[60.3, 98.1\]**94.4**\[90.5, 98.3\]**49.0**\[29.4, 68.7\]**98.5**\[96.9, 1.0\] 12+72.596.961.498.1 13+66.597.362.797.7ICD-10, any 6+98.077.122.899.80.959 7+96.783.128.299.7 8+84.187.832.198.8 9+83.589.435.398.7 10+80.291.639.798.5 **11+78.2**\[59.6, 96.7\]**94.4**\[90.5, 98.3\]**49.0**\[29.4, 68.7\]**98.4**\[96.8, 1.0\] 12+72.296.962.098.1 13+65.697.362.797.6ICD-10 moderate+severe 6+98.275.817.199.90.957 7+97.381.721.399.8 8+82.386.423.599.0 9+82.388.126.099.0 10+82.390.530.599.0 11+82.393.438.699.0 **12+77.0**\[52.8, 1.0\]**96.0**\[93.4, 98.7\]**49.5**\[29.9, 69.1\]**98.8**\[97.2, 1.0\] 13+72.696.651.998.6*Note.* PPV = positive predictive value; NPV = Negative predictive value; AUC = the area under the ROC curve; ICD-10 = International classification of mental and behavioural disorders 10th edition (WHO, 1992); DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th edition (American Psychiatric Association, 2013) CI = confidence Interval. Values in bold represent the most adequate combination of sensitivity, specificity, and PPV. For the sake of clarity 95% CIs provided only for the optimal cutoff-scores. 95% CIs for all values are reported in Table [3b](#Tab3){ref-type="table"} which is provided by request to the first author. ^a^A value score exactly equal to the cutoff is understood as being depressed. ^b^'+' signifies 'or more'

For DSM-5 major depression as well as ICD-10 mild depression or more, a cutoff score of 11 or more is suggested by the data, both yielding a sensitivity close to 80%, a specificity above 90%, and a PPV close to 50%. For ICD-10 moderate and severe depression, a cutoff score of 12 or more was suggested with a sensitivity of 77%, specificity of 96% and a PPV of 49.5%.

As shown in Table [3](#Tab3){ref-type="table"}, the ROC values between DSM-5 major and ICD-10 (any) are very similar. This is because only 10 women had a discrepant diagnostic status. However, the ROC values for ICD-10 moderate+severe are in some cases more different than DSM-5 because using this classification as 'depressed', and the ICD-10 mild as 'not depressed', resulted in 38 having a discrepant diagnostic status.

Factor analysis {#Sec10}
---------------

Using parallel analysis \[[@CR54]\] we found that either two or three factors would be appropriate. To ensure a good fit we employ three factors, and the associated factor loadings are presented in Table [4](#Tab4){ref-type="table"}. For clarity, only loadings of 0.3 and above are reported.Table 4Factor loadings in an EFA of the Danish EPDSFactor 1Factor 2Factor 3% of variance0.2570.1980.082Item 1 (anhedonia)**0.888** 2 (anhedonia)**0.773** 3 (guilt)**0.605** 4 (anxiety)**0.805** 5 (Panic attacks)**0.748** 6 (overwhelmed)0.3810.445 7 (sleep problems)0.3570.309 8 (sadness)**0.701** 9 (tearfulness)**0.640** 10 (self-harm and suicidal ideas)**0.875***Note*. EFA: Exploratory Factor Analysis; only loadings of 0.300 or more are reportedValues in bold represent factor loadings included in either factor 1, 2, or 3

As shown in Table [4](#Tab4){ref-type="table"}, items 6 and 7 cross loaded on factor 1 and factor 2. Likewise, the factor loadings of item 6 and 7 did not discriminate adequately to be included in either factor 1 or factor 2, and these were therefore omitted from both factors. Following, the result indicated that the Danish EPDS consists of three factors: Factor 1 (depression): items 1,2,8, and 9; Factor 2 (anxiety): items 3,4, and 5; and Factor 3 (self-harm/suicide): item 10. As shown, Factor 1 and Factor 2 are vastly more important than Factor 3 in terms of explained variance. It is noted that the third factor included essentially only loads on Item 10 (self-harm and suicidal ideas) and that this item did not load on the two other factors. For these reasons Factor 3 did not truly meet the criteria for being a factor as it is essentially just a rescaled version of item 10. We did, however, include it in this EFA, because it is important to realize that this item works in a different dimensionality from the rest.

Discussion {#Sec11}
==========

In the EPDS literature, there is a wide variation as to what criteria have been used when the receiver operating characteristics of the scale have been assessed (i.e., the 'gold standard' has been defined by different diagnoses within and between different diagnostic systems). As previously suggested \[[@CR16]\], we suspected that the variation in optimal cutoff scores reported across studies might at least partly be explained by this. Therefore, we validated the Danish EPDS against both DSM-5 and ICD-10 diagnostic criteria for depression.

In this Danish postnatal sample, for DSM-5 major as well as for ICD-10 mild, moderate or severe depression, a cutoff score of 11 or more was suggested by the data as the best cutoff. With sensitivities of 79.2 and 78.2%, specificities of 94.4%, and PPVs of 49% respectively, this value reflected the best trade-off in terms of the EPDS's ability to detect the majority of cases of depression without an undue sacrifice of PPV.

Interestingly, four mothers met criteria for DSM-5 major depression but not ICD-10 mild depression (Table [2](#Tab2){ref-type="table"}). This was due to the ICD-10 requirement of having at least two core symptoms out of three (as opposed to one of two in DSM-5), suggesting that there is an unfortunate inconsistency between the two diagnostic systems.

Because ICD-10 mild depression (which requires at least four versus five depressive symptoms in DSM-5 major depression) in clinical practice sometimes is considered "subthreshold", for comparison, we also conducted analyses not including ICD-10 mild depression as 'depressed'. In this case, and using our a priori defined 'criteria' for selecting cutoff scores, the optimal cutoff was 12 or more (sensitivity: 77.0%, specificity: 96%, PPV: 49.5%). However, given that the symptom threshold for ICD-10 moderate and severe depression is higher than for DSM-5 major depression (at least six symptoms in ICD-10 moderate versus at least five symptoms in DSM-5 Major), a missed case of moderate or severe depression is highly undesirable, and increasing sensitivity at the cost of PPV seems reasonable in this context. Hence, for the use in first-phase screening of Danish postnatal mothers, for ICD-10 moderate and severe depression, we recommend using a cutoff of 11 or more (sensitivity of 82.3%, specificity of 93.4%, and a PPV of 38.6%).

In sum, our results suggest that there are no notable differences with respect to using ICD-10 or DSM-5 criteria for depression in terms of optimal cutoff on the EPDS. Indeed, the ROC values are almost identical given that there were only 10 cases that showed discrepant caseness status. Thus, the optimum postpartum Danish cutoff (11 or more) differs from the English-speaking cutoff (13 or more for DSM major depression) as well as from a number of the cutoff scores found for other translations of the scales (e.g. \[[@CR9], [@CR10], [@CR12], [@CR14]\]). As also proposed previously \[[@CR15]\], our results may suggest that the variation in cutoff scores across studies reflect differences in the expression of psychological distress across cultures, though, to our knowledge, no perinatal study have tested this assumption. More generally, our study stresses the importance of validating self-report instruments, originally validated in another culture (and another language), before use in a specific culture because cultural differences may impact results.

In the vast majority of EPDS validation studies, a diagnosis of depression has been used as the criterion or 'gold standard' against which the scale has been validated. This was also the case in our study where we used a thorough diagnostic interview. It should, however, be realized that some would argue that using such a criterion will miss many women who have significant levels of worry or low mood, yet do not meet diagnostic criteria for a mood disorder (e.g. \[[@CR57]--[@CR59]\]). Diagnostic status, therefore, may not be the most suitable criterion against which to validate mood screening instruments, but currently, this is the accepted methodology in the perinatal mental health field.

Another reason for the various cutoffs reported across studies could also be that, within the EPDS literature, there exist no agreed upon standards for what are acceptable levels of sensitivity, specificity, PPV and NPV. For screening purposes, high sensitivity is often desirable to ensure the detection of the majority of cases in the screened population. This was the case in the present study where we aimed at a sensitivity of 80% or more, a specificity of 90% or more, and a positive predictive value of 50% or more. However, high sensitivity is not always the first priority. For example, in a recent study, where a cutoff of 19 or more was selected, high specificity was prioritized and a sensitivity of 30% was considered acceptable for screening purposes in order to use the available resources in the most effective way and not overwhelm clinical services with many inappropriate referrals \[[@CR60]\]. More generally, when using validated cutoff scores, the context in which the EPDS score is used is of crucial importance. For some research purposes, using an EPDS score as a measure of depression without further assessment (which is sometimes the case in epidemiological studies, e.g. \[[@CR61]\]) it could be argued that the PPV should have a higher priority than sensitivity. This would ensure that those screening positive are very likely to meet diagnostic criteria for depression (if the PPV is, for example, 80% or 90%). In the current sample, if using a cutoff of 11 or more as a measure of depression, only approximately 5 out of every 10 screen positive mothers would, in fact, be depressed, which in turn would overestimate the prevalence of clinical depression in the population by a factor of two.

Using an exploratory factor analytic approach, our results indicate that the Danish EPDS is multidimensional as previously suggested. The first 'depression factor' included item 1 (anhedonia), item 2 (anhedonia), item 8 (sadness), and item 9 (tearfulness); the second 'anxiety factor' included item 3 (guilt), item 4 (anxiety), item 5 (panic attacks). As such, this result is in line with previous studies that have found an 'anxiety factor' of the EPDS to include items 3,4,5 \[[@CR34], [@CR35], [@CR37], [@CR38], [@CR52], [@CR62]\]. The anxiety subscale is sometimes referred to as the EPDS-3A or the EDS-3A in pregnancy \[[@CR34], [@CR63]\], and there is some evidence suggesting that it can be used to screen for perinatal anxiety \[[@CR34], [@CR52], [@CR64]\]. However, more research is warranted to establish a separate cutoff score if this subscale should be used in clinical practice to screen for perinatal anxiety. Consistent with three previous studies \[[@CR38], [@CR39], [@CR64]\], a third 'self-harm/suicide factor' (only including item 10) also emerged. However, in terms of proportion of explained variance, the two first factors were far more important than the third factor which accounted for less than 10% of the variance and fit statistics (parallel analysis) do not firmly establish whether the correct number of factors is two or three.

A limitation of the current study is that only women from urban Copenhagen area were included. This may limit generalizability to the whole population. Another limitation is that we did not have access to the number of mothers initially screened at T1 but who did not agree to be referred to the project, and thus we cannot report on the number of approached mothers who declined to participate. Neither are we able to report whether these mothers differ from our sample in terms of sociodemographic characteristics or EPDS scores. However, of the 350 mothers who were referred to the project, only 25 (7%) declined to participate. Yet, as these mothers did not give consent to participate, all of these mothers' data were deleted, and therefore we were not able to report EPDS scores or sociodemographic characteristics on these mothers either. This problem, however, is very common within the EPDS literature, and to our knowledge, only two previous studies \[[@CR25], [@CR65]\] have reported on the number of approached women who declined to participate.

As we assessed depression according to the current diagnostic standards, we used the DSM-5 and ICD-10 diagnostic systems. Because the notion of minor depression (requiring two but less than five depressive symptoms) does not exist in DSM-5, this meant that the diagnostic interviews were not coded for DSM-IV minor depression. It could be argued that this would be relevant in terms of comparing our results with previous studies that have included women meeting criteria for minor depression as cases of depression and have reported cutoff scores for 'combined depression'; and as such, this can be considered as a limitation of our study. Finally, when interpreting our findings the timeframe for T2 assessments should be considered. One of our inclusion criteria was that the mother had an infant between 2 and 10 months and although the majority (83%) of the T2 assessments were conducted between 8 and 20 weeks postpartum, T2 assessments were conducted with a quite wide timeframe (Table [1](#Tab1){ref-type="table"}). Recently, a paper by Martin and Redshaw reported that mothers, who did not differ on other background variables, scored significantly different on the EPDS at three and six months postpartum \[[@CR43]\]. However, based on the current data, it is not possible to address the question of whether an EPDS-score obtained for example at two months postpartum is more or less likely to reflect an underlying depression than at a later time point in the postpartum period.

Strengths of the study include the use of oversampling to ensure that a high number of depressed women were included, the sampling weighting method yielding good statistical power, and conducting interrater-reliability check of the clinicians who conducted the diagnostic interviews.

Conclusions {#Sec12}
===========

The Danish EPDS is a valid and reliable screening instrument to detect possible depression in new mothers in a Danish postnatal population. The best cutoff score for the EPDS to screen for depression according to both DSM-5 and ICD-10 in Danish women is 11 or more. It should be noted, however, that the antenatal cutoff could be different, and possible, different for each trimester \[[@CR15]\], and consequently, the scale should be validated in a antenatal sample before it is used to screen for depression in pregnancy. Moreover, the Danish EPDS is multi-dimensional, and, additional to measuring depressive symptoms and self-harm/suicidal ideas, it also contains a subscale measuring symptoms of anxiety. Thus, the appropriate validated cutoff score for this subscale would also need to be calculated for both the ante- and postnatal periods before being used to screen for perinatal anxiety.
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